ABSTRACT
INTRODUCTION
Tandem mass spectrometry (MS/MS) has become one of the most popular and successful analytical techniques for protein identification in proteomics. In MS/MS, peptides digested from complex protein mixtures are ionized and fragmented by collision-induced dissociation in the mass spectrometer to form peptide tandem mass spectra (MS/MS spectra). To identify the unknown amino acid sequences of peptides, database searching, currently the most widely used approach in high-throughput proteomics studies, is often employed. In this approach, the theoretical MS/MS spectra are predicted from the peptide sequences in a database and are compared with the experimental one to score the candidate peptide sequences. A number of top-ranked peptide sequences are returned for further identification of proteins.
We have developed a peptide/protein identification software system, pFind, using our peptide-scoring algorithm KSDP reported earlier (Fu et al., 2004) . pFind is available in two versions, a web server or a locally installed version. The former allows worldwide users to access pFind via Internet freely. The latter, on the other hand, runs independently on the user's machine, and it is more powerful to process large-scale data at a higher speed than the web server. * To whom correspondence should be addressed.
As an instrument-independent software system, pFind currently is not integrated with any commercial spectrometers. It can serve as a complement or alternative to the instrument-integrated identification software in the proteomics workflow. The heart of pFind is the peptide-scoring algorithm KSDP, which makes use of correlative information among fragment ions in MS/MS spectra to reduce stochastic mismatches. In our website, new experimental results are presented to show that pFind outperforms some popular software tools, e.g. SEQUEST and Sonar MS/MS, in terms of the Top-1 (peptide sequence which gets the highest score) identification accuracy.
SYSTEM DESCRIPTION
Here we briefly describe the implementation, usage and features of the pFind web server. The main differences between the server and the local version of pFind are also pointed out. Detailed descriptions can be found on the pFind website.
pFind provides a simple and user-friendly interface. The input to pFind consists of two parts: the search parameters and the MS/MS data. The search parameters are illustrated in Figure 1 . The commonly used MS/MS data formats, such as DTA and PKL, are supported. In particular, the pFind web server also supports compressed archives containing multiple DTA or PKL files.
For the DTA file, pFind stores the search results in XML (eXtensible Markup Language) containing the top-ranked peptide sequences and their matching details, and returns it to the user's browser. The expect-value is utilized in pFind for significance evaluation of the search results. For the PKL file, pFind also generates the protein identification result in addition to peptide identification results and returns it to the user. For the compressed input data, the pFind web server compresses all the search result files into one archive and sends it to the e-mail box of the users.
To our knowledge, support for compressed input and output data is a unique feature of pFind in comparison with other web-based identification tools. The advantages of this feature are 2-fold: first, it can significantly reduce the time needed for data transmission through the network; second, it allows the users to operate in a batch mode. Fig. 1 . The interface of the pFind web server. The search parameters include the protein sequence database in the FASTA format to be searched (Database), the enzyme and the maximum number of missed cleavage sites for digesting protein sequences in the database (Enzyme and Missed Clvges), the post-translational modifications (Fixed and Variable Modification), the tolerances for mass matching of precursor ions and fragment ions (Peptide Tol and MS/MS Tol), mass accuracy (Monoisotopic or Average) and the fragment ion series used for peptide scoring (Fragment Ion Series). All the parameter titles are hyperlinked to detailed explanations.
With the .Net and XML technologies, the pFind web server can be rapidly constructed and integrated. At the server side, ASP.Net is used to receive the queries from the user's browser, transmit them to the scoring modules of pFind and return the search results in XML to the user's browser. The XSLT (eXtensible Stylesheet Language Transformations) is used to filter and sort XML documents and define the display style. Moreover, users can save the XML documents to their own machines for further data management, and they can design their own XSLT files to view the XML documents in their desired styles.
Although pFind is currently running on the MS Windows platform, the core modules of pFind are coded in C++ with standard template library (STL), which can simplify the future migration to other operating systems, such as Linux and Solaris.
NCBI BLAST and EBI IPI (Kersey et al., 2004) protein sequence databases are used for searching. All of these databases are well indexed and memory-mapped on the server for high-speed execution.
Compared with the pFind web server, the local version has a more powerful batch-mode function. Users can directly specify the directory that contains all the MS/MS spectra to be searched. The local version also comes with a user-friendly wizard for importing and indexing the protein databases to be searched. Besides, multiple databases installed on the local machine can be searched at the same time and several other scoring functions in addition to KSDP can be selected.
To help new users get started with pFind quickly, extensive help is provided on the website under 'For new users'.
